We report an 85-year-old patient with severe osteoporosis who had suffered from multiple episodes of periprosthetic fracture of the femur. Revision fixation with long-spanning cable plate for bisphosphonate-induced atypical periprosthetic femoral fracture was performed. Nonunion and implant failure occurred at 16 months requiring revision surgery using long-stem femoral prosthesis with cable-plate fixation. To further facilitate bone healing, allograft and bone morphogenetic protein (BMP) were added. Eventually bone union was achieved after one year.
Introduction
Osteoporosis represents a major public health problem, and this burden is growing with increasing life expectancy and ageing population [7] . Periprosthetic femoral fractures are increasingly common and the management of such fractures on osteoportic bones poses a great challenge. Nonunion is not uncommon in bisphosphonate-induced atypical fractures due to the altered biology of fracture healing. In our case, we tackled such problem by addressing both the biological and mechanical aspects of fracture healing.
Case report
An 85-year-old lady was presented to our unit for severe left leg pain after a low energy fall injury at home. Two years before cemented unipolar hemiarthroplasty was done for fracture neck of femur. She was prescribed with oral Fosamax for two years since the first surgery.
Radiographs revealed a Vancouver's B1 periprosthetic fracture of the left femur (Figs. 1, 2). Open reduction and internal fixation with locking cable-plate was performed (Figs. 3, 4, 5) . There were two cortical diameters overlapping between the plate and stem to prevent stress riser. Intraoperatively the stem was found to be stable. Two lag screws were used to provide compression at the fracture site. The proximal fragment was fixed with two unicortical screws and three gripping cables. The distal fragment was fixed with three bicortical screws. The patient was allowed protected weight bearing for 8 weeks and then full- wright bearing walking. Subsequently the patient could walk with stick and radiographs at 6 months revealed satisfactory healing over the fracture site (Figs. 6, 7). Dual energy X-ray absorbsiometry (DEXA) revealed low T-score for the hip (−3.9), femoral neck (−3.0) and spine (−2.9). According to the World Health Organization Fracture Risk Assessment Tool (FRAX), her 10-year probability of major osteoporotic fracture was high: her FRAX score was 48 for major fracture risk and 36 for hip fracture risk. She was prescribed subcutaneous injection of teriparatide (Forteo) 20 μg daily for 18 months.
She was presented to us one year afterwards after a trivial fall injury. Radiographs revealed a new displaced periprosthetic fracture at the stem tip, proximal to the previous fracture site (Figs. 8, 9 ). Revision surgery was performed. The locking plate was removed. The fracture was fixed with pre-contoured long-spanning femur locking plate that covers the greater trochanter with complete overlapping with the stem (Figs. 10, 11, 12 ). Extra caution was given this time with regards to the post-operative weight bearing regime with 12 weeks of protected weight bearing. Radiograph one year later revealed non-union around the fracture site without displacement (Figs. 13, 14) . Patient was a non-smoker. Blood tests revealed normal fasting glucose and inflammatory markers. She declined revision surgery because of improvement in pain. Four months afterwards she was admitted again for increasing left thigh pain. Radiograph revealed breakage of the locking plate with fracture displacement (Figs. 15, 16 ). There was sign of loosening over the femoral stem. She underwent revision surgery and exchange of hip prosthesis with a long stem. The patient was put in a lateral decubitus position under general anaesthesia. Postero-lateral approach to the hip extended down from the previous incision. The cable locking plate was removed (Figs. 17, 18 ). The hip was dislocated posteriorly and the hip prosthesis was removed. Cement removal was performed with the assistance of OSCAR® 3 Ultrasonic System (Orthofix) (Figs. 19, 20) , which was a system consisting of a probe to emit high frequency soundwaves to soften the cement. Cortical bone would not be affected due to then energy levels used. It did not absorb ultrasound as readily as cement and therefore the surgeon would have awareness of the position of the probe within the bone through both audible and tactile feedback. The nonunion site was debrided and the intramedullary portion was recanalized using drill bits. The fracture site was temporarily reduced with two Verbrugge clamps. The femur with reamed and a bowed long full-coated stem (Restoration; Stryker) was inserted. The construct was augmented with a long 4.5 mm metaphyseal locking compression plate (Depuy Synthes), spanning the fracture with four gripping cables over the proximal fragment, two gripping cables and three locking screws over the distal fragment. A piece of allograft, meticulously chiselled, was lodged into the fracture gap (Figs. 21, 22) . Bone morphogenetic protein (BMP-2) strip was added to the fracture gap to further facilitate bone union.
The patient was allowed protected weight bearing for 8 weeks and then full-wright bearing walking. At the one-year follow up, completed bone union was achieved (Fig. 13) . 
K.H.-M. Wan, et al. Trauma Case Reports 26 (2020) 100287

Discussions
Periprosthetic femoral fractures are increasingly common [1] [2] [3] [4] as a result of an ageing population and the increased numbers of hip arthroplasties performed, secondary to both trauma and degenerative conditions. Majority of the cases, including the aforementioned patient, have co-existing osteoporosis. The management of such fractures with suboptimal bone qualities is often complex and demanding (Fig. 23) .
The Vancouver's classification is a reliable and relevant system for post-operative periprosthetic femoral fractures [5, 6] . Factors including fracture location, implant stability, and the quality of the femoral bone stock are taken into account. Type B2 fractures with femoral stem loosening are typically treated with long stem revision, and open reduction internal fixation using cables and plates. Revision surgery should be considered for pain relief and restoration of the pre-operatively mobility status. Revision femoral stem passing the fracture with at least two cortical diameters should be used to prevent a stress riser. For fixation of long bone, it is preferable to have at least eight cortices screw purchase on each side of the fragment. But in this case, it is difficult to achieve because of presence of the canal filling stem. To tackle this, unicortical screws and cerclage cables can be used (Fig. 24) .
As in our patient with osteoporotic bone, an anatomically contoured locking plate can be used. As an 'internal-fixator' it is particularly beneficial for suboptimal bone quality when only unicortical screws are used. It serves as a fixed-angle device with improved pull-out strength. There were a number of factors contributing to the non-union in our patient. The transverse fracture pattern after the first revision surgery was inherently unstable and difficult to treat with a stand-alone plate. The fracture was located at the watershed area between a stiff femoral stem and a pliable region distal to the stem tip. In addition, the patient had features of atypical fracture secondary to long-term bisphosphonate treatment, including thickened femoral cortex and transverse, short oblique fracture pattern. Having recognized the atypical bisphosphonate-related fracture patterns, we have tried to provide additional stability to the construct by using a pre-contoured, long-spanning locking plate extending proximally into the trochanteric region, with four bicortical screws and one gripping cable over the distal fragment. Unfortunately, the fixation was not strong and rigid enough to provide absolute stability for bone union. The refracture occurred at the stress riser area wherein the plate broke. This suggested that the plate has sustained a prolonged loading at this area, resulting in an occult fatigue failure just before the fracture occurred. Despite the twocortical-diameter concept was applied, the number of cortices with screw purchase over the proximal fragment was deemed not sufficient in retrospect.
Bone morphogenetic protein (BMP) is a family of at least 20 glycoproteins able to stimulate ecotopic bone formation. Of which, BMP 2 and 7 have been found to possess independent osteoinductive activity [8] [9] [10] .
In the last revision surgery for our patient, we tackled the problem by addressing both the biological and mechanical aspects of fracture healing. We provided biology by means of allograft and bone morphogenetic protein. We increased the rigidity of the construct with a long-spanning locking compression plate. Satisfactory bone union was achieved in the end and the patient could return to the community and enjoyed her well-deserved retirement. The successful outcome was also contributed by the long stem prosthesis bypassing the fracture site. 
